This paper presents a closed loop speed controi of a separately excited DC motor. A cascade combination of a diode bridge rectifier and single-ended primary inductor converter (SEPIC) is used to feed the DC motor from an AC supply. This circuit combination offers both step-up and step-down characteristics of the motor terminal voltage as well as an approximately sinusoidal supply current with an improved power factor. A fuzzy logic speed controller is used to overcome any system nonlinearity and parameter changes. Also. a wide range of both speed and load changes with satisfactory response is obtained. Two fuzzy membership functions are used reflecting few and simple control rules. Moreover. a genetic algorithm (GA) is used to optimally tune the fuzzy controller parameters. Simulation results of the system are obtained by solving the differential equations in different modes of operation. The system is laboratory implemented and the controller is investigated using a digital signal processing board (DSPI 104). The experimental and simulation results are verified and a correlation between both has been found. The results confirm the relevance of the proposed configuration a-a useful rectifier that achieves sinusoidal supply current, high power factor and motor speed regulator. J,-L 1 3 G i L d l U l + M I &i J A L J I 2 ,Ul .. JF L$ $ L + zj w! lie > A) c+ + J d l +GI 43 +ig-SIYl ~Y p d 1 j-4 1 lib . SEPlC egill i~. j + J I &L+ &dl R 2 =1.5 11, L2 = 0.25 H,
I-INTRODUCTION
come from load side, for example, in machine tool Variable speed DC motor drives are utilized in drives or robotics, the moment of inertia represents a multitude of applications in steel, paper processing. variable parameter dependent on the tool or pay-load. and mining industries. In such power electronic Some research efforts [ Interest in these control approaches has intensified due to their potential in' circumventing parameter variation effect under dynamic conditions. In this paper a speed control of a separately excited DC motor fed by single-phase. single-way rectifier is presented. The strategy of AC to DC converter is based on the cascade combination of diode bridge rectifier and SEPlC converter [7-81. Step-up and stepdown characteristics of the output voltage are obtained. The supply current appears to be approximately sinusoidal with a relatively high power factor. A simple fuzzy logic speed controller is applied and a GA [9-101 is used to optimize the fuzzy controller parameters. The modeling and simulation of this system is described in different modes of operation. Also, a laboratory implementation of the proposed system is investigated. The simulation and experimental results predict a high motor speed performance over wide range of reference speed and load changes.
2-SYSTEM DESCRIPTION
The schematic diagram of the proposed system is shown in Fig. 1 . The system consists of a cascade combination of a diode bridge rectifier and SEPlC converter supplied from a n A C supply. The SEPlC output is connected to a separately excited DC motor loaded by DC generator. The motor speed is fed back through the DSPl 104 analog to digital converter and compared with the reference speed. FLC is used to control the motor speed and the controller output is to control the ON period of the MOSFET in the SEPlC converter and, hence, the motor applied voltage can be controlled. All parts inside the dashed line are implemented using the DSP1104 board.
The capacitor C, acts as a transfer element. The inductance L2 and capacitance C2 are used as a filter to obtain DC voltage with minimum ripples. The switching frequency and the value of CI are determined by the value of Lt. The resonance frequency f, = (~L c~) , and sliould be sufficiently lower than the switching frequency to prevent any resonance phenomenon in the AC circuit. The system parameters are given in the Appendix.
3-SYSTEM MODELLING
To simulate the detailed operation, the voltage and current equations !lave to be established for each operating mode.
-Mode I :
In this mode the MOSFET is ON and the current i t will flow in the looo vs-L, -I,. The caoacitor C, will 
where v,,, i , . w , are motor voltage, current and speed respectively. R, and L, are motor armature resistance and inductance, respectively. k,, is the motor back emf constant.
where C: is the capacitance of the output filter In this mode the MOSFET is OFF and diode D is ON, as shown in Fig. 2-b . The current i, is greater than zero (positive). The corresponding differential eq~v?tions which describe this mode arp given as Follows:
-Mode 3:
In this mode the MOSFET is OFF, diode D is ON and the.ourrent il is equal to zero as shown in Fig. 2- c. The corresponding differential equations which describe this mode are given as follows:
3.4-Mode 4: In this mode the MOSFET is OFF, diode D is OFF and both currents il and i, are equal to zero as shown in Fig. 2-d . The corresponding differential equations which describe this mode are given as follows:
Beside the above electrical equations which describe the system in the four different modes of operation. there is the motor mechanical motion equation. which is given as: The parameter Dr is a set value of R(k) at which the gain is fixed at unity and Umax is the maximum value of the control signal which is a prespecified constant parameter.
5-CONTROLLER PARAMETER SELECTION USING GA
In the proposed fuzzy logic control scheme, the ht'o adjustable parameters are A and Dr. An iterative approach is used to determine the fuzzy logic controller parameters. To save time at this stage of the design process, a modified version of GA is utilized to optimally select these parameters. Therefore, the following quadratic performance index, J, is defined by:
In the above performance equation, the speed error is weighted by the respective time tk =KT, and, M indicates the total data number. The tuning parameters are coded in a binary s'tring. G 4 is then used to search for optimal set of parameters that minimizes the performance index. Tournament selection method is used. So, the GA works directly on the given performance index without the explicit definition of a fitness function. The population size is chosen to be 65 strings. The crossover probability is set at 0.75 and the mutation probabililyat 0.001. 
6-EXPERIMENTAL AND SIMULATION RESULTS
Based on the system model in different modes of operation described in this paper and the parameters given in appendix, a computer program is written to simulate the system. The tuning parameters are precalculated by making step change in reference speed from 500 rpm to 650 rpm and the performance index is calculated during a time interval equal 0.5 sec. The GA produced optimal tuning parameters (A . Dr ) equal to 190.0 and 9.5, respectively. The variation of the performance index . I with the number of generation is shown in Fig.4 . Also, an experimental circuit has been built to verify the theory and simulation described above. The controller is built by using a DSPl 104 digital signal processing board and hence the MOSFET driver pulses are generated. 
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The steady state experimental results of the system with peak value of supply voltage equals 50 volts and a duty ratio 0.5 are shown in Fig.5 . It can be shown from the figure that the supply current is sinusoidal with near-unity power factor and both the motor voltage and current are pure dc values. The corresponding simulated results are shown in Fig. 6 , which were obtained by simulating the previously mentioned differential equations in different modes of operation. A good agreement between both simulation and experimental results is obtained. A step change in reference speed, from 500 rpm to 650 rpm, under the proposed closed loop speed controller is experimentally shown in Fig.7 . Figure 8 indicates the corresponding simulated results. The results indicate the effectiveness of the proposed controller and a good speed response is obtained. Also, the performances of the SEPIC circuit currents and voltages are obtained. The experimental and simulated system dynamic responses under step changes in motor load are shown in Figs. 9 and 10, respectively. The speed is still following the reference speed with minimum dip at the instants of load changes.
To verify the effectiveness of the proposed controller, Fig. 11 indicates the simulated performance under a wide range of reference speed step changes. The motor speed follows the reference speed with a good performance irrespective of the operating point and the value of the motor load. Also, the performances of the motor terminal voltage and motor current are indicated in Fig. 11 . The figure indicates that step-up and step-down characteristics of the motor terminal voltage have been achieved. 
CONCLUSION
The paper has presented a simple FLC to control the soeed of a DC motor fed by SEPIC converter. The $LC has only two memberskp functions and a GA is used to adaptively tune the controller parameters.
The exact system parameters are not required in the implementation of the proposed controller. The controller is easy to implement using microcontroller. The results showed that the performance of the motor drive system is robust, stable, and insensitive to both motor parameters and operating point changes. The use of SEPIC converter offers an approximately sinusoidal supply current with near unity power factor. Furthermore, step-up and step-down characteristics of the motor input voltage have been achieved t
